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PROBLEM TO BE SOLVED: To prevent a feedback |— i 



control of the air-fuel ratio using a sliding mode control 
from being oscillatory even when a feedback gain is 
increased regarding a plant having a waste time as an 
object to be controlled. 

SOLUTION: This device is provided with an air-fuel ratio 
detecting means (16) detecting an air-fuel ratio of an 
exhaust, a waste time compensating means (35) 
compensating a waste time for the air-fuel ratio 
determined by fuel supply to be detected by the air— fuel 
ratio detecting means by adding a disturbance 
compensator to Smith method and an air-fuel ratio 
feedback control means (22) executing the feedback 
control of the air-fuel ratio by increasing or decreasing a 
fuel supply quantity using the sliding mode control so that 
the air-fuel ratio with the waste time compensated by the 
waste time compensating means is coincided with a 
targeted air-fuel ratio. 
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'^■oX'KD (6) ii:{c*3l/^Tdet(matSmatB)"' ^^OT' * [0 0 6 2] 

toi^iiwmxfj mmmnxti) \rJK<D^tr^^o * 

matueq(n) = — (matSmatB) ' matS 

X {matAmatx (n)-mat0 (n+ 1)} -o(n) 

- (7) 

(2a)^. iA) ^^K)7.tl'7~Xtmt^t. CO ■s!:r[006 3] 

ueq(n) = (Sibi + Szbo) (a, Si + aoS2 + SiVS2) 

X {x. (n) -9, (n)} - (8) 

^■ki,cimmxti\.t^m^^-^^chti^x^^(Dx\ cz. ^x\.m'^\znt^'^^a(.n)tm\i^p(.n)t\^xmx 

i:i6T io®M?Si:-rSiii:tT't5iOT'fe§5bV <:<:♦ [0 0 6 4] 

unl(n) = {a(n)+j8(n)} sgn [o(n)] •- (9) 

fcfcL. J3(n) ^Hma X. * ^J^«'^MtDmi**^0 5 {c:}3l^T^^IMt!(^1ll^oT 

[0 0 6 5] C(:i:-f-v^'jy^'"«±-r§/c46«l^ 
CO 0 6 6] 



Hmax : ir^gL©«:*:ffi^fi. 
CCT (9) ^©??^ll§SSjsgn [o(n)] tt:bc8IMo 
(n)>0<Di:*sgn [o(n)] =1. o(n)<OcOi:ts 
gn [o(n)] =-1 i:^§ll^T^§o <: (D??F^MI&t± * 

(i) o(n) >0cOi:t : 
0^o(n+ l)^o(n) 

(11) o(n) <0<Di;t : 
o(n)<o(n+ 1)<0 
cn« (10 a) CD^#^{COV^TV^^{fIlBt^Jn<Dfc 
^ J; 0 ^©i^cOB#gijT'^?> n + 1 TO(i d *^^MtDi^S 

o ( n + 1 ) =inat S mat e ( n + 1 ) 
ht^o (2 a), (2 b) <D^^ffi:^g^T'^?nrci/ 
XrA^Cj^LT, mi«o(n) =matSmate(n)i:-r 

a(n) =o(n+ l)=a(n + 2) - ;&}S/'c-r ★ 



- (10 a) 

- (10 b) 

40 [0 0 6 7] (1 0 a) <D^{4=^«S-r'5X;!7v-M 
|g(a(n) ^i^fCckaicLT^ffit- i). (4) ^ti^^. 

- (1 1) 

icXh\,t (8) So^slJgA^'iT-feO. coiit (IDS 

CO 0 6 8] 



o(n+ 1) 

=matS {matx(n+ l)-mat0(n + 1)} 
=matS {matAmatx(n) +matB {unl(n) +ueq(n)} 
— mat A mat 0 (n)} 



(9) 



15 
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= o ( n ) +inat S mat B u nl( n ) 

(l2)Sj;0 il 0 a) ^^mc-r^mi.:k<DJ;:dlc * [0 0 6 9] 

II mat S mat B || a(n)^ || o(n) || 
a(n)=Ti llmatSmatB f || o(n) || 



(1 2) 



(1 3) 



(1 4) 



tztcU T) : l^iUJ^y-i' > ( 0 < 7] < 1 ) . ic^-DT4mmXtlunlin)li.. 
o(n+ l)o(n)>0. ★ 

unl(n) 

= { ij II mat S mat B 11 || o (n) 1+ /3 (n)} sgn[o(n)] 
= {Tj|S,b, + S2bor' |o(n)| +)3(n)} sgn [o(n)] 

- (1 5) 

fctcL. 0<7)<K o(n+ l)o(n)>0. ■iireq(n)>&. ^fc { I 5) ^lCj;:*J^mBXtl un\(n) 

tr^K). CCD (1 5) itti:j;nt^^^i5fU>y;&K±L *'!illSCL/c©Ti^$ijm:^-efe-53^mj*f^«usi(n) 

COO 7 0] CCDcfc^tLT (8) i^ti:ct:DiiiJgA;'3u-jV [00 7 1] 

usl(n)= K / ueq(n) d t + unl(n) •■•(16) 

fctiL. K -.m^V^y. ^W^X'h^ (16) ^^^n^nwL%\t^o 

(16) ^*fa^ 1 mX\tm.BK-h u eq( n )^ffl53- LX [0 0 7 4] ^^tC-jJSW^X^-T -fV ^^'^r- FftfJSflO 

20 ^-^-^MSim^mm-^o 



^K). ^cD/c46cD»^i§2 e^^i^-S;!)'! (02#M) ^ 
[0 0 7 2] 06(D7D-^-\'-hti7>^-rxV>'^'^: 

[00 7 3] 1 U ^iS^'l^SmoXx >y ^ 

jfS^^iJSL (0 4#M) . p^T-yfzximm^.z'A 

OeSMiS( G eng( q ) ^ A R X (fe § 1/ ^^ift/J^ 2 

^ffi) ^fflV^T|Sl^-r§o Xx>y:/3Ttt<l£Df5jiMi^ 
Geng(q)^ (2 a) . (2 b) ^X^LrcmWLfkZ'A 

(n) = O^SBt-r-So 7.f-y/5. 6, 7T't±ilimA:^I. 
ueq(n)0?^^i»:TS^ (8) ^mBXtl un\(n) ■ 

(omw^x^^ (15)^, ^mimi^musKn)(Dm4' 



_d_ 
dt 



[0 0 7 5] mc 
[0 0 7 6] 



d 














dt 












_«2_ 




(17) 



(1 



[0 0 7 7] (DXorjii£1^^o)iy7.y^L(Oi 
30 7 ) ^Ott^^iJiC i^ifg Brttiitld, (Om^m^Lfc 

[0 0 7 8] 
[igf7] 



z ~ 




"0 


-C 0 




z 




0 




"1 " 






0 








+ 


0 


u + 


0 


_ 




_0 


All ^2 _ 




-*2- 








_0_ 



0 



(18a} 



J 0 



©Pdt 



(18b) 



[0 0 7 9] i£Ai^-et±^i![ifl&^^^i^T^e-r?.o * * [0 0 8 0] 

o (n) =mat Smatx = Si z + SjXi + X2 = 0 •••(19) 

$mmxii ( (1 5) s) (Dmmm<rj:fr)^ nn.uj% ti^^-^'{i:^<itti^x^^o 

Xh&.^&yt^o Lti^Lfj:ti^<b, il6)^<D^0lC 50 [0 0 8 1 ] 0 7 iD7n-^-V- ht±Si^it7'i'- F/^ 



17 

mim^ (Re f) (Dxtimicmnt^o cnim2<Dx 



CO 0 8 2] X-r';/^ 1 K 1 2 T(i@:^.^^itT G A 
BF. ^S^tbA F S A F^i!*^3i*^. 7>-r>y:/l3-e 

5„ f^t)*. (2b) ^^<Oy, = x^. y2 = 0-efe 
5c, CCT-y.til^ta^MJrbAF S AF-eab-5*^C)X.= 
AF S AF-e$.«o Sfc (1 7) iCti^iSj*^ 2 O 
(xi, xz) (DMALZftysM^X^&^iJ^^. Ctl^ 
X.. xztcOV^Tl^ttff X2*^x.©IISIS(ilLTl#en5 

(Dr\ cnicxi=A¥ s A¥ ^ixxLx^rm x z 

[0 0 8 3] XT-yZfl AXimmm^matxU). @ 
=SiJ n tcfett o ( n ) = 0 ^^ai-r §o 7.x >y * 



(10) Itlfl 2 0 0 3 - 9 0 2 5 2 

18 

[0 0 8 4] Xry^l 5-e«4«M«o(n). I^iitlfl^y 
-fiMi[j3(n). ??F^IIIStsgn [o(n)] ^fflV^T (1 

5 ) iS^^c J; t) mnm n *3 ^mm^xt} u n l ( n ) ^it 

[0 0 8 5] X'ryfl 6Ximmmx,in), ^OS 

10 >'7.-ri*ff^JiDatA>&ffll/->T (8) iCfC .fc 0 3iB#^J n tc 
*3lti>^JgA;'7ueq(n)>&^tll-r§o 7.x>y ^ 6 lilSl 2 

[0 0 8 6] X7-yfl7-eit!l(0mBXt]ueq(.n)^ 

mi^LrcBBxiit^mnLrmmm n ic^i^f^^mtt 

^#ausl(n)^gttlfi.c 7.'r>y7''l 7. 1 8{iia2 

<Dmi&^2 6. j!jniEi5 2 ncm^^t^o 

[0 0 8 7] 7.-f<y:/l 9TtiSMJt^#«usl(n)^ 



ALPHA = CYLAF/(CYLAF + usl(n)) XI 00 

- (ffi4) 



[008 8] (^1 4) ^(Dy V y^<&x^mtc 

[0 0 8 9] 



fcfcL. C Y L A F : U y^'m.X^mbt. 
©SiCj;DSi^Jt7f-hV^-y^MlEfiA L PHAtc 

CYLAF= 14. 7XTP 

/ {TPXTFBYAX (ALPHA + KBLRC-1) } 

- ms) 

mat s s . ^wiiit^tci!b(Dmi^^^ yom^ism 

[0090] ^mity -f - hV^ <y i7 ^Jil©^^. U y 



30 



(8) ^'ELX}^m.tm\m<D (i e) ^■^m(Dm5^-m^ 



[0 0 9 1] 



/i = K (Si bi +S2 bo) ' (ai Si + ao Sz + Si VSz) -(20) 

y^^xmmmm.x^^wM<r>m^^^-t s ^ it^-x^trs. ^ [0092] 

s. = 

{— Sz (ai— /ibi) ±Sz { (ai — /ibi)^— (ao — /zbo) } } 



/2 

( 2 1 ) S , 2 Ki^^ (DX^^m^l 

[0 0 9 3] m8(Dyu-^^-himmrjim^m^y 

■^y (S.) ^^^■ri)fc*cDt(DTS5o ^:*3c:n{± 

6 (DX^^'x^r v^^r- F^r^iatf-^n-^-^- hfc 



felt S 7x -y 7 4 £Ort^©— g|5:&^-r t COTfeSo 

[0 0 9 4] xx>y7'2 1 xmm(Dft>mmiE>ti^^i^ 



50 



••• (2 1) 

^^{i*^t)*^-3T(/^§) . x7'-jy2 2xiic(om^ 
f^ynicm'^^±m(D (2 1 ) cfc t) ^^is^y-r y 

mt S <D^m S, ^mmt ^ o (21)S{cJ:t5S 
ttf^ai-r5J;^tCao>OOfc# Uc, $fcao<0©i: 

t- 1 icfji^mx&^o 

[0 0 9 5] mcm^v-fyn^-mtLx^mitoyy 

^ _ Vy $iJ^;grtT ^ fc^-a-O ALPHAcD^ft^Ei 



19 

Lxmi oiimmnm&fi^<D^<ox^$>^o alphas 



(11) #P»12 0 0 3-9 0 2 5 2 

20 

* [0097]7>x>y7'31 -e^ilHl^E3iJS^M^3i^^^■^ x 

•r >y y 3 2 T' (1 (DHteiiStciS i;Ti«53>yV ^©[elfeai 

ym^m noizc (omm^^ k n e Ltcm^m 

^ - ^y lilEfi^i^ 7 a + - h tc t5 It 5 X r -y 

-So 

[0 0 9 8] ^fC (4) it<D«M 
[0 0 9 9] 



10 



o(n)^ (3) ^{i 



*^'tii]p-r§/c46 i^i^sDoALPHA (omuxis^mTi 

(/^T*>^«D$S{^ffl-r§i:^ ALPHA(D^{t:^-^7!)W> 

m.ntn CfS^IS^SS^S-r § C i: 7!)^■nJtg i: ^S: (1 nai^ 

^19 ©A L PHAO^{k{-t;0'!5%'\i:lHltlLTV^§) o 
[0 0 9 6] 01 2(D7n-^-\'-h{ii»5i-'5rV>';i^ 

o ( n ) =inat S mat e ( n ) 

= S. (x>(n)-8i) +S2 <.xz{n)-dz) 

= S. (x.(n)-e>) -8280 (xi(n-l)-0i) 

- (2 2) 

'imm<Dr^m:i^m\:'r ^rcib\at (22) s^rao^ 1 [o 1 0 o] 

(i) ao>0©i:t : S. = S>0. 82=1 ••• (ffi6) 

(ii) ao<0®i:# : Si = S>0, Sz=- 1 - (M7) 

<:®i:^(Dmiao(n)^^53'i?iB3i-r§i;^j)jOcfc9ti: * [0101] 

(i) ao>OOi:t : 

o(n)=S {xi(n)-0.} + (x2(n)-ej} -(2 3) 

(ii) ao<OCDi:^ : 

o(n) = S {x.(n)-ei} - ixzin) -62} - (2 4) 
Sfc (?i6) . (M7) ^^mi^^t. (8) j^CDllJg ■j!!rA:f3 (2m^f«) ir^X(D (2 5) iC- (3 0) iC<D 

A;^)s (15) is:<o^f^jBA;':&t>' (1 6) ^<Dmm'&if ji^^icm^m-^n^o 

< 1 > mmxti (.mmm'&xti) 



CO ao>0©i:t : 

ueq(n)= (S bi + bo) 

(ii) ao<0©i;t : 

ueq(n)= (S bi — bo) 



-1 



-I 



(ai S + ao + 1) 
X {xi (n)-ei (n)} 

Cai S — ao — 1) 
X {x. (n)-9i (n)} 



(25) 



(26) 



< 2 > ^mmxti : 

(i) ao>0(Di:t : 
unl(n)= {rj | S bi + bo 

(ii) ao<OcOi:t : 
unl(n)= {rj | S bi -bo 



-1 



I o(n) I +/5(n)} 
X sgn [ o ( n )] 



(2 7) 



I o(n) I +/?(n)} 
xsgn [o(n)] 
fcfcL^ 0<7)<K o(n+ 1 )o(n)>0. 

< 2 > ^fij^A;^! (^m^itmim) •■ 

(i) ao>0®i:t : 

usl(n)= K / { (S bi + bo) ' (arS + ao + 1) 



(28) 



(12) 



IS 2003-90252 



21 



22 



X 



+ {t) I S b, + bo I 



(x,(n)-0,(n)) } 
I o(n) I +/S(n)} 
xsgn [o(n)] 



d t 



(2 9) 



(ii) ao<OcDi:# : 

usl(n)=K/ {(Sbi — bo) 



-I 



+ {rj I S br-bo I 



X ( 

1 



1 3<D7n— h{ii/X-T-Atf^J(Dg^ao(Df@ 
[0 1 0 2] X-r-;/y4 1 Ttii/X-r Afj^^ijinat A©g 

4 2-4 ST^^M^, ^jgA;b. ^mBxt}. m.mm 

ttciiX'r>y74 6 — 4 9 -vm&o'^M^'n o o 

Co 1 0 3] ccT. i^immmm) <j^^ 

[010 4] i^%wm^^M^WlM>'^<Tm^^:Lyv 
•y yis^^iijs-r ^ c i: tc j; D mmwm(DBMm^ g 

eng(q)^|5l^-r?)c:i:*^prHgl?a6-So t^oTCCOiliC 
IS2^<DeBMS(Geng(q)^ (2 a). (2 b) i^fC 

n§gfm<D^mA F s AY-ti^um.'^'mti c a b f 

^^a3-r?.$fef7g«<D^^J; 0 twas< 7"v:/ htx 

[0 10 5] sfc. ^fb-rsg^iffi (a#,sj^jt) ^<d 

g§2 6^ji]!/aLT^ttiiif^A:'3ueq(n)tC{^^TC:n^ 
[0 10 6] $/c. gliSm^tOiK^^^iickdiijg 



(ai S — ao— 1) 
xi (n)-0. (n)) } d t 
I o(n) I +)S(n)} 
Xsgn [o(n)] 

- (3 0) 

z.<om^f-^y\i^K> (2 1) (c^Lfc-^wM^it:^ 

fflV^T^^[l8IS(^V ymat S ^^Hi-r § C i: A^T t ?> CD 
[0 10 7] Sfc. 7i'-F^^>y^»^iaSB#m|5S 

<D<^$3^«I^-Y ^ y F ifmw L ± 7 f - F / Vy ^ y 
/i^[eIIS3ii[tCfSi;TZ^a-r;5(DT\ 7'f-FA-y^$iJ 

ym%^z.tij^x"^^o 

[0 10 8] Sfc. *^)!fSJgSltcj;nti:^Xxi*fTf^Jiiia 

30 ^ r«i^iaii['>'V ^mat s (o^mxh^ S 2 (D^^^m^ 

[0 10 9] :^^t*M<D^2^)5fimi^SJB^1-So 

[0 110] ccT\ mzmmmmtmimmnrntx 

*iS<DS<ittiiS (#112 001-21 1571^) 

{S'lBIBtS^tC^i^L/ct^-OCD^^gS (!i^l^2 0 0 1 
-2 2 4 1 6 2^) lCi,\:Ly h^%X^-^tlXl^^<D 

[0 1 1 1] ^m(Dmmtiimxi,t:^'7y hicmk^rsti^ 
-/^y vxi,mm^?s^mux-trj:\,^(DX\ mcii.mMk 

[0 1 1 2] lai 4ii.imi^r^^^t?>y^yh^MM 
m^mu <y H 2 fc^>f Lrmi^ S'jgi5 3 1 ^ii 

50 illgg|53 2. ^f-*;l/X'^iy'uL-;l/g|53 3, T'^yF^rx 



(13) 
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§7D-5^-^-h (01 7#M) ic^o^tibxmm-r 

[0 113] 'AicMflk^f^^^t^-fyyh^^mtt* 

mat X (n + 1 )=inat Amat x (n)+inatB u (n — d) 
mat y ( n ) ==inat C mat X ( n ) 



24 



CO 1 14] wmmi^&^mMkmm^^t^fvyh 

[0 115] 



(3 1 a) 
(3 1 b) 



tctc L. mat X ( n ) : Wm^m-f^ y h (O^B^ 

maty(n) : U^Mm'f'py hOiHtl^ 

u ( n - d ) : SiJiaiW^T'^ y h (DXtl. 

mat A : $iJ^W^y v y h Oi/ 7.7- L'^m. 

mat B : ^ y h (DXtjmU 

mat C : UmMyy y h (DliitimL 



^ a) £Du(n-d)*^jS^f£tt-Cfe§o 
10 [Oil 6] $/c±ie© (2 a) . (2 b) iCtiilifcB^ 

ra^cD^ft^/^:/5y^ (J-XT r-/vyhtx;i/j ^v^^o ) 

^^T'^y h©^^i;ESiJbTtSdfci6xCDftti: Tmj 

d : {fiijffli^^:/^ y h <Dm%kmrm\ [01 17] 

crL^±m<D (2 a). (2 b) iC^irbfee^nti' (3 1 J« 

matxi (n + 1 )=matAmatxii (n)+matB u (n) ••• (3 2 a) 

matyi (n)=matCmatxii (n) ••• (3 2 b) 

/c/cL. matx.(n) : 7^7 > h ^rx ;l/<DttS^^. *matC : •f^yh'ET'jmtiitimi 



maty.(n) : -f^y h^frfjKDtiit}. 



u(n) 
mat A 
matB 



: y^yh^v'jKDXtl. 

•T'yyh'eT'jKDXtimk 

Geng(z)= (bi z 

ao) 

:^yyh(DBm 



20 COT'. y^yh^-xyKDfijl 

'So 

* [0 118] 



li±m<D ( 1 ) ST' 



+ bo z 



-2 



tctcU Geng(q) : 
a I . ao : Wir. 

bi. bo 

d : ^KtBf rals 

mat x(n+d,)=nt A' aat x(ii) 



) / (1 + (z"' -d) a.+ (z"' -d) 

- (M8) 

•5o ) {i-M{c 



30 [Oil 9] 

[i!j8] 



+[jiiat B, mat A mat B. "Mnat A"""', tiat b3 



uOi-l) 



_u(n— dg)_ 



03} 



♦ [0121] (3 3) i^^ (3 2 a) . (3 2 b) 
[0 12 2] 



[0 12 0] (DcfcotC^^tlSo CCT (3 3) i^fea 

X\ CCD^Tfk^UT TmatXM J ti^Mit^o ♦ 

mat X hai ( n ) 

=mat X (n + d I ) 

=mat A mat X ( n ) +mat x » ( n ) —mat A mat x i ( n — d « ) 

- (3 4) 

*t5 (3 4) S^fflcDmatx. (n-dOti^rxVl/MliBt 

m d . mmk<Dy=7 y v 'ey')]/oyimm.WLxtb^o 

[0 12 3] L*>L^:*\~P>7.^X?4{±@gfiIA;'3{c^L 



mil^^^1^m-'^9clC'^^?>t:. t^ftl^lSmat x ( n ) 



(14) 
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[0 12 4] 



matxiBi (n) 

=inat X ( n + di ) 

=inatM(n) {mat x (n)— mat xi (n — di)} +inatxi(n) 

- (3 5 a) 

matM(n)= 1 - (3 5 b) 

matxint (n) 

=inat X (n + di ) 

=niatx(n)— matxi (n — di)+Diatxi (n) ••• (3 6) 

fcfcL. mat X ha, ( n ) : ^y^JlM^^fS d . 1^© * matM ( n ) : ^^SLMfigiOiyXr A^T?|J. 

matx^i (n)©m« (.CiD^mM^&LT ^l^M^m 
MJ ilV^Oo ) xitat (n). xzhai (n){i:^®<fc'5ti:* 

* [0 1 2 5] 

(n)=xi(n + d«)=Xi(n)— xii (n — d«)+xi« (n) 

■- (3 7 a) 

(n)=X2(n + d«)=X2(n)— xzi (n — d«)+X2ii (n) 

- (3 7 b) 



mat X ( n ) 
mat xv (n) 
nat X I ( n — d I ) 



X lhat 



X 2h3t 



±ie (3 6) ^(DMMt^tC6^mit)'^^J:^^^'^t9]- 

• (36) ^*r3ao^ 2 3SJ-xi^© 



<l> ^^SL;?)^^v^%>., 

d . mmkoy^ y h ^f'jiycD^mmmai x . ( n - d 

tcib (matxi(n-d.)=matx(n)) (3 6) 

f^yh^'fjiy(D^mmm.mtx,u)(D^tim^o '\k\^ 

^-DtcCOy'yyh ^:-rVU(Dt^cSI^3g(mat x . ( n ) f± 

(Dmm.mfHdmm^k(Dumnmy^yhx^mm-sn^^ 

^^3!gjmatx(n)^5^aiJLT43D. tA^oTCn^^Sim 

7'r-F/^'y^=I>'h D-^ii^ imS^iCmat x 
tot (n)^/^7P<-^te7^'-hV^y^$iJ®l-r§}gi:;S: 

•So 

'ET'jKO^mm^mt X . ( n - d . ){i^l^tc!iSiJ$ti§ 

[0 12 6] C(lTi^gLgA^Xx>yyA:tlT^-5:&^$/c 
a d . iHmic :/ h ^:x;UO*^«l^l&mat x 



30 



40 



mi^^^mat X . ( n - d . ) iijij^H H/>fiii:*§ (mat x 
.(n-d.)=matx.(n) ) o ^-cIT^^aMMtgOi^X 
rAtf?ijBatM(n)= 1 ^-T^Si:. (3 5) ^lBmt% 

mz.mi^w^m^^n.y'y y y <^xmmmzi x ( n ) 

o:)^hfs.^o <i<o^^. 7f-K/^-y^3y ha— 7{i 

7^ y h ©mi^8!(inat x ( n ) 5 ^ - ^ fc 
T ^ V ^ t CD CD ^4SL«D^#^ S -riil 7 f F / -r 

[0 12 7] cco^9fc0i 6^cfel/^T^^sL^i^i§§<o^E 

CO 1 2 8] 01 7®7a-^-*'-FtiMia]^^7'vy 

F <D ^iJtJcil^iSCma t X h« ( n ) ^ zHg-r 5 /c i6 ® CO -e 

[0 1 2 9] X-f •yT'S 1 T«WW^7v>'F<Dmi 
axi(n)^ X2(n)^MCt±if§o <I ClTxi (n) = A F 
SAFT-$>?>o X2(n)titiai-r§i;9fCtT5)<i65o 
C ne. 2 0(Dmi« x . ( n ) i: x 2 ( n )*^ eMiSJ^^T'v 
y F ©mi^^mat x ( n )*^S$ §0 

[0 1 3 0] 7.x >y 7*5 2T'{i>'U y^J^liASSmaQ c 
^Wtlit-§o ii CDS/ U >^^'®A?5M*Q c tt^J^ 
cDcfc 3 {Cv-U y^~®Ma/Vl/7.i|iT P [m s / c y c 1 
e] <J;^)33*^LTgffitTi/^i.o 

[0 13 1] 



Q c [k g/c y c 1 e] 

= TP [ms/cyclel/K CONST* [ms/kg] 

- («9) 



(15) 
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[0 13 2] X-r-y^e 1 Ttii/U >^®A^M«Q c 

?WiJinat B Og^ b , . bo^SiRt"§o cnti, XVv^' 

A . K1im\nt B *"s^{k L y ^ y h ^ r ;l/cD|t^2^ 2 

Q c \c^<ommmm^m^iis^ic^^fx^mm 

l*^{i<Dg^ai. ao, b.. bo^AnT*3< 



28 

bi, bo^^DtHfo **3. #3 
ao. bi. boti^jilEM^^oe 



a I , 



[0 13 3] X-r^ye 3-etii^Ui/3^'55A2MMQc 

.fc D m^€)x-y;W^^^^f ^ c i: {c J; 0 ^rryUSftifcBlF 

Pal d . >&?gg-r ^ o ii ©fiti >' U y ^^A^ M« Q c 

'So 

[0 13 4] 01 TtcMOXT'yys 4l:1ii/Uy^® 

A^iittc YL AF^^tB-r^o -r^^Bv^uv^^'rt^^ 

l-fA/l/Xifi (iii^l^ilE^ L) T I P S C Y 



TIPSCYL=TPXTFBYAX(ALPHA+KBLRC-1) 

- ail 0) 

0^lcj;D@aiU cntt-^^lMoy (M9) J« [0 13 5] 

F c [k %/ c y c I e] 
= TIPSCYL [ms/c y c 1 e] /KCONS T# [ms/kg] 

- (ffi 1 1 ) 

c c T? (M 1 0 ) ^cD .t 9 i/ u y ^^p^mnrnw vi^x 

"ligT I PSCYL^Smy-r-hWy^MlEfiALP 
H A ^ Sm^^fi K B L R C j; D i^IE L fditeS-^ 

y 7 > h m-t 1 6 'p'immm 5 itm^m 

©T, ^ m7 -r - F/^y ffilEii A L P H A i: 

2tmi-k^^fjiK B L R C^<:j;^9^IE■r5tu^D^mcS^■V^ 



30 



J:b-tr y +)■ 1 6 "Pmrnm^l^ 5 J; T ^ 9 ^ h 

CYLAF = AcylX14. 7 

©iS:tcJ;D5t<i6§c:i:*^i?t§o (M9) , (?ii i) 
(Ml 2) Stcf-^AfSi;. ±ieo (M5) 

[0 1 3 7] Xx-y^S ST-tiilCi^Uy^'BSA^Jil:!: 
C YL AF^A;^lu(n)i;-ri.o 

[0 1 3 8] X-r-y^S 6-r-tiA;'ju(n), i/XxAt? 
^iJmatA, A;':tT?'JinatB^ffll/''T±l2 (3 2 a) ScDii 

2. (n)^^tb-r5o un?>2 0(Dmi«x,. (n)i:x2. 
( n )*^ P) y^ y h ^rx;U(Dt^ll^SQnat x i ( n W^l^ 

-So 

[0 13 9] X'T-y^'S 7T'{ie:(D<i;5{CLT*i6fc$iJ 
ffllW^yvyh0t»cfil^ii{inatx(n). ^vyh^x;!/ 



y-r- hV^y ^MlEfflA L P H A il^m^^fiK B L 

R c tc J; DiiiE Lfcfiitca-cJi/^Ti:/ u y^nmnmMf^ 
/i/xipiT I pscYL^^tti-r§<fcd{cb/ct®-efe 

•So 

[0 13 6] (119). (IS 1 1 ) J: D SMiiiJ^ A 
c y 1 {±A c y 1 =Q c/F cT'^^Tb^S. i/Vy^m. 



A 



C Y L A F {± 



40 



50 



- (Ml 2) 

(D^mU^mt X . ( n ), ^rxyl/*8iS;BtFBl d . t^^^M^ 

Mmxitci (n)txz^i (n)^±IB£D (3 7 a) . (3 

7 b) ^^m^xmiat^o cti^2-D(D^mikmmx 

that 

[0 1 4 0] 0 1 7{i0 1 4 (Dt*cll5^?|iJg|5 3 1 *7a- 

i:. 01 7<DX-r-y7°5 3A'«0 1 4(0^7" JlT^^i^:!- 
Jim 3 3 tc. >y y 5 4 tim 1 4 U ^ ^®A3^M 
itill^g|53 2ti:. Xx<yy5 6*^0 1 4©7'5yh^:x 

ji^m^m.mm^ 3 4 tc, x-r -y 7° 5 7 a'^s 1 4 o^sij 
[0 14 1] ccxmi 4©m^i^M3 ixn^n^ 



(16) 



29 

3 4 l:-\tW^n n l:(D-f=7 y h A:'3 u ( n )T$>5 U > 
^KA^mC Y L A FfcS'cSl^T^OilttD^i 



2 0 0 3 - 9 0 2 5 2 
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CO 1 4 2] z(D^o\^LxmM-^n^^m^miW7. 



?g©g|5 2 STtii^jflilSmSa'gli^mT G A 
B F ^cm^^^^XW^m n tcfelt §^^g8lil^±IB ( 4 ) 

[0 14 3] 



o(n)=Si (xiha, (n)-0i(n)) +S2 (x 



2hal 



^cf£U o(n) : mii 



(n)-e2(n)) =0 
- (3 8) 

^R^x^k^^^ii'omMt^o 

S 2 5 X^tmBKfi^lM ( 7 ) Stc [0144] 

ueq(n) = — (matSmatB) 'matS 

X {mat A mat X hat (n)— mat 0 (n + 1 )} —a in) 

- (3 9) 

(3 6) iS:. (3 8) ^i:*)Xtl^-xm^t^t. ★[0145] 
(3 9) ^it:k(Dj;:olcrj:^^ * 

ueq(n) = (Si bi+Szbo) (ai Si + aoS2 + SiVS2) 

X {x,ha> (n) - 9, (n)} ••- (4 0) 



§@Sfie2(n). mi«X2(n). y9>htx;u®t»c 

Haxa (n), i^aiJ^lia X SBi (n)(Dilli[Sfi:^<Dj 



[0 14 6] 



(^^^o^ayt^sga x 2h,. ( n ) <j^mm^-k.^ < 

e2(n) = -aoX0,(n)+boXu(n-d.-l) 

X2(n) = — aoXxi(n— l)+boXu(n — dn— 1) 

X21 (n) = — aoXxii (n — 1 )+ bo X u (n — 1 ) 

xzhai (n) = X2(n + dy) 

= X2(n) — X2i (n — d«)+X2« (n) 
CC:T'(4 1 ). (4 2). (4 3) ♦OgHfiiii^^S.o 
T?#e)tl§t<0-efe§o S-f (3 1 a) iS:d;!3y(n)= 
X, (n)TS§cOT\ tB:':g^fi0,{i^(D$Sx.(n) ♦ [0 14 7] 

xi(n+l) = — ai xi(n) + X2(n)+bi u(n — d) 

X2(n + 1) = — ao xi (n)+bo u(n — d) 
(Ml 4 ) SCfCfeV-'T n + 1 \Z{\XX n < 

X2(n) = — ao xi (n — l) + bo u(n — 1 — d) 
h^t) (4 2) ^tm^^^o X2(n)^X2. (n)OK * ^^i:©B^/^;b^■^5^~^t*cD■^?, (Ml 5) SOu(n- 
{c«X2(n)ti:^tS;B#r^*^350 X2. (n){i:^itBfPBW^ * 1-d) cfc t) d^|^< i: xz. (n)(7)SiJ5:§o -T^Sr^-^ 



- (4 1) 

- (4 2) 

- (4 3) 

... (4 4) 

(3 1a) ^n:'m^t'^t.^-k<o^ov 



(Ml 3) 
(Ml 4) 

(Ml 5) 



(Ml 6) 



xa (n) = — aoXi(n— l)+bou(n— 1) 
(4 3) ^jb'^tfP.nSo i«0 
[0 14 8] i<cMx2(n)(Dg^ffiti (Ml 4) i^d; J« 

02(n+ l) = -ao 01 (ny+bo u(n-d) 

02 (n) = -ao 01 (n- 1 )+bo u(n-d- 1 ) 
i:*5o 01 (n)=0i (n- l)T-$.§;«)^e). 

02 (n) = -ao 01 (n)+bo u(n-d- 1 ) - (Ml9) 

i;=S:t» (4 1) i^;6"«tf 6>n§o ^-TS) tx;l/^|i;BfP^d.*\'2;{)^6 S'vtEftLiin 

[0 14 9] $Tiai 9ti:^Lfc<!:d{Cv/Uy:5^'!giA^ {;:jhfLTgi^ffi02 (n)*W>-r5i:{gSLfci:^. c 
c©li'>-e (^x;^A;^u(n)^±^^fe6^^/^i:^g 50 Og^ffi02 (n)^jio*Ht^<fc^{C*icSI«X2 (n). x 



(Ml 7) 



(Ml 8) 



31 



(17) 



X2hat (n)t±-t* * -r 
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xztat (n) = X2 (n)— xzi (n — 3)+ X2« (n) 



32 

- (M2 0) 



tt^t. B#SiJnT'CDmi«X2(n). xa (n){i:i:t 
(ClT-^Ds X211 (n-3)tin-3T'CDx2y (n)£DfiiT 
$)§*^?)3-efeSo SttCB^^JnTO (ffi2 0) Sf± 
xztai (n)=l-3+l=-l 

i:^0c:nttx2(n)£DffiJ;i9/h$i/\ ^LTt«cMx 

2i», (n);()'S- 1 ii:fe§mi(* n + 3tDiltfi$l? 

5Ebu$T0 ^t, n + 3CD^-l'5>^'T'X2(n)t[I| 

xziBt (n)=X2(n) 

[0151] 02 0(D7a— f-V— htiia 1 7(D7.'ry 

[0 15 2] X-r-y:/7 IT'>Uy^®A^M«Qc^ 
X-r^yy? 2T'^cOQ c ta-ifi/^T^T-Vl/M 

l^imng^lSlmat X to. (n)=iiiatx(n)i:-r?)o ^9^' 

d . LTi^*tj-nf±'7.-f >y 7^7 3 ©jaa^^tr 

.*^iS3iLfcfc#x-x'y:^7 sfcji^iai etc^RL/ci^ 
[0 15 3] Mz.. mm^f^niMt^-f^yvnin^h 



[0 1 5 4] 5fe 



2(DmmmmximmmM mm 



ffii: LTcD X av,. ( n )®^i^i»±^±|pl0^c^3l/^T n t)^ 
6 n + 3 ©Efj$-ecDP^t-*iIJiT^ LfcJ: ^ 1 
$>?>Cfti^mt^L\^\ fA^oTn*^en + 3(DEM*T'« 
P9lt>±BS'0 (4 4) St^cfcD2l^^-r§X2... in^OmiC 

[0 15 0] ^cn?^x;l/MI*B#PEgd.A'«;'vt<=S:^iJ 

;l/*8!aB#PEg*^^iji-r§tT-X2ha. (n + d.)^±E(D 

(4 4) ^(Cj;t)illSt-ri»<DT{i^< xzin)(Dimm 
^/^§o O^D n*^P.n + 3<DiItIjST-OPHlt± 

- (ffi2 1) 

f^yh'eT'Jl (»B#PB^cD%V^'(g?ItDX>i/"y) 

6 ©i!i!t#i4^MI*;BtP^6D4 

20 xf-'yyjS^.fc'? ARX^rr;l'T'|W|^-r'Soi:ti:J:0<i 

iiitBtp^o^i^nitm 2 Mo&mmm^y^ y h 
^L, 7.5X}^^c^r1.gLM^if§^A^xT^«il:^p^^i^i^^T 

^^t^mm.^ 2 :^©tt«l:^gS€)«SI^&at X ( n ) 

(D^my5m^(D^mmmmt x . ( n ) i: t x;i/i«itB#p^ d 

SfPalMfi^fTo fcmi73@i^Omi^^mat X hat( n ) i: 
g#>{i®^^«iainat 0 ( n)<D^^mm<D^mmmt e ( n ) 
i:LT?ggL. i:<r)P.^cDm«inate(n)tc^^M|S( 

'!rVyDiatSiSr^gLT:bcftl«o(n)^&il|gU ncom. 

tmm^-( y(Dmmtirz^mm o a n)icm-^\^^xm$. 



40 



f-(y(0 

^g$n/cmi» o ( n )^cS■^^^/^TlSff^A:^l u eq( n )^ 

u si ( n ) i: LT^tB n <Dm.mMKti^nm^^^xmm 

[0 1 5 5] >i<D^dicmi^t^!itx\ m^nm^^ 
t^z^^yh ^mmfim tLxy^-v/'^y-^^y-cy^ 

mmmc *3v^t t ^t^rsw i: ta^s u t 7 - ^ y 
[0 15 6] mmnm-f'^yhicii^mtt-iiyv- 

1 6^^MI^#5 (M#tii;&¥®) ©fflii*cM{i:d;f3^ 



(18) 
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^MMA L P HA^^mitmUK B L R C X^mJEt 

mmmA l p h a $ fcti^m^^fi k b l r c -eiiiE 

XitiT I P S C Y L mn^^S) (cS^t/^Ti-U 

^A^Mit c Y L A F ^mmt^^ b \c Lfc^Msa 2 

<D-mm>m\^ j; n w<ai?*ax > y (TDii^i^Mtc § ^ 

[0 1 5 7] $fc. mmnwct'yyY mn.(o:Lyv 

y) (Dmt^^l^itom^mts.y^jy'^mmsai.yi/ 



10 



^^nMtMm^m.\z^-:>x'&^^i/') y^^x^mm 

Co 1 5 8] $fc. 5fe 
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* [0 15 9]$/=. ^f-Vl/S8licB#rBld.A"«;*ct<^2>ffli| 

mMMmnm^mmt ?> ^ 7 - hv ^ tDi^ffiiE^i: 
life i n^i'^'f )vmM.nm d,ti^±^<t^^m^t^ 

2<D| 



Co 1 6 0] c:nT% 5fe 

^ -So 

CO 1 6 1] *iil<D 
C0±f2^ 1 ^ 



CO 1 6 2] Fp^S^^I : ±IS (Ml 4) ^{Cctntf. 
Si«x> in)hxz{n)<Dmm^mxtb<0. Xtiuin) 

^m^^x2U)(o^mm£MMti''^mmicrji-DX 

Co 1 6 3] Fp3^^^2 :±E (4) o ( n ) 

CO 1 6 4] 



i 2 ©^SIJBSIT-ti^rr;l/|« 

lii;Bt Pal d . ^ >"J > ^"85 A^M* Q clc!tl^xmnt^ 

o(n)=Si (xi (n)-0i (n)) - (xi (n- 1 (n- 1 )) 

- (5 1) 

C(D (5 1) ^irAcoJadlcLxm^^^tziiCOX&^o t J« (4) ^{Cf^cAfSo 

^^■^> ±iSO (Ml 5) (Ml 8) i^^±iE ^ CO 1 6 5] 

o(n)=Si (xi (n)-ei (n)) +S2 (x2 (n)- 62 (n)) 
= S, (x, (n)-0, (n)) 
+ Si (— ao X 1 (n — 1 )+ bo u (n — d — 1 ) 
+ aoe,(n-l)-bou(n-d-l) ) 

= S. (xi (n)-0i (n)) -ao $2 (x. (n - 1 )- 61 (n - 1 )) 
= (Si/ao S2) (x, (n)-0i (n)) 
- (xi (n- l)-0i (n- 1 )) 

- (5 2) 

ctX\ (5 2) ^(DS./ao S2^5iC46TSi tSg-r 

tiis. (5 1) i^*n#p.n^o 

Co 16 6] (5 1) ^fCj;0:bcSao(n)^SeLfc 40 <D 

smme , (n)(Dmmicii (51) ^^m^i 
a ( n)<Dmti^mt-t^t)\ swM 0 . ( n )^mmim 

iCi[Kmmoin)(D!R^^mt-^-^^tciblC. (5 1) 
«ti>fLT/jN$^t>(Di;*5o (5 1) ^<DWm 

m^(o^^ y s , itjts^\imic <k o T?*^$ns 
^ffifc L*^^ o ( n)(DmiciZs\^x^mtmim u 

sl(n)A^?^S$n§i:JS:-5i:, g^ffi0. (n)0^<t^ 50 



^0Sm7 -r - F/^y ^MiEfi A L P H A O^ft^^g 
2 1 cDJ;9tc/^?^?>©i:^§^^*^^§ (0 2 IT© 

;>:niat y ( n ) x > ( n )*^-i!{-r§ cfc ^ {CiP^ Lfc 

/c46 ( (M2) it. (M3) ie#M) . m«X2(n) 

o T *5 5, -r . S -^fi 0 . ( n ) 'NOiifi^tt^^+^i-e^;!}^ o 
fcCDXh^ (0 2 1 ±igcD^ 



CO 1 6 7] ^clT\ ^ 2 ^JlJgM-eti. 
X2(n)=x, (n- I)- - (5 3) 
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mrnnm^) ^> ±m o i a) o i b) i^tc 

\X?.X. :k<D (5 4 a) i^. (5 4 b) Src*8St;* 

mat X (n + 1 )=inatDDiat x (n)+niat E u (n — d) 

mat y ( n ) =inat F mat x ( n ) 
fcfcL. matx(n) : ^ijfflljt^^^y homi^lgC, ^KmatE 
maty(n) : M^^T'^y hcDttS:^. 10 matF 

u(n-d) : WP*t^7'9yh<DA;'j> d 
matD : ^ir^^^y^yhtD'^XxAlT^iJ. -T) h^rf•VW^:OV^TcD^^^I;^@S : 

matxi (n + 1 )=inatDinat x« (n)+inatE u(n) "-(SSa) 
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(^fil;6i@^) ±12 (3 2 a) (3 
2 b) S{i:f-^x.T. (5 5 a) (5 5 b) ®S 

•c-iaai-rntf . (53) ^ii'^WLti-t 5 <: ^grmtts l /c„ 
CO 1 6 8] 7) Mknwf^-t^'mm'f^yY\z.-o\^ 

x(o^mi^m^ : 

••• (5 4 a) 
••• (5 4 b) 



mat y I ( n ) =mat F mat x « ( n ) 
fc/S L. mat X . ( n ) : :/v > h ^•x;K?Dmi^^> 
maty.(n) : h^:xVl/©til;^j, 
u(n) : :/v>'b^'x;UtDA:'3> 

matD : yvyh^rxVKDi^XxAtf^iJ, 

mat E : >' h ^e^fioxtinn. 

mat F : y h Vl/coai:^jff ^J^ 

CuT'. (54a), (54b). (5 5 a), (5 5 

b) ^D^it^i:*5^''T>'Xf•A^f?lJmatD. XMr^^lmt 

E, tB:':fT?ijmat F tt. '^os-e^esn^-ii-esSo 

CO 1 6 9] 
CIS(9] 



- (5 5 b) 

* CO 1 7 0] $fc. ^^Mi(^. ±12 (4) ^iCiX^X 
CO 1 7 1] 



20 



— ». —a. 



mat D' 




(56) 



mat E» 




(57) 
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mat F= [[b, bo21 



(58) 



o ( n ) =mat S mat e ( n ) 
= [S 1] matedi) 

= S (xi (n)-8i (n)) + (xi (n)- X2 (n)) =0 - (59) 
mats :mmmm^'-(y. CO 1 7 2] ±|HO (5 3) I^^JKD (5 9) Sfe2<D 

1 : ^^Mi&y -f ymat s 40 xz (n)tc{^ALT*i5 i:, :^^ie*"«iie)n§o 

e. (n) : x. (n)(D@^ffl. CO 1 7 3] 

o(n)=S (xi (n)-0, (n)) + ( x i ( n)- x ■ (n - 1)) - (60) 



HCX. (6 0) S^2!<D^lS{±t»cS«x.(n)i:^ 



9) xtfCcfctitf, ^imm.^. mmxxin)^'^mu 



lsbKm\t^<DX^^t)\ ±M (5 3) iCtc J; D 

x 2 ( n )ti:ov>T ttia6^^Mi»*^B^5S{i:^ o fcfcto, 

50 4^ftl«x. (n)Og^iffi0, (n)i;C>M5i-Jtt>mi«x 
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[0 17 4] Sfc, ±12 (6) ^{CitX-T* 

[0 17 5] 
\ 0] 

A tx (n+l) = o- (n+1) — ff (n) 



(20) #rj| 2 0 0 3 - 9 0 2 5 2 
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* [0 17 6] 'i^r>X. (6 1) itmfcl/^Tdetdnat 
SnatE)' *QX&n^IZ.<0i/7s7-h(0WiBX1l (MM 

[0 17 7] 



=iiat S 



mat x(n+1} — mat (n+1) 
mat x(n+1}— mat xOO 



-<T(iO 



10 



»iiat S 



mat 0 mat x<rO+ni8t E nat u^(n)— mat B (n+1) 
■at D mat x(rO-Hiiat E mat u^(n)— mat x(n) 



-aOO 



(61) 



* 



ueq(n) = (bi + bo) (ai xi (n)+ ao xz (n) 
- (ao + a>) 0,(n)+ (S + 1) "' (x, (n)- 61 (n)) ) } 

- (6 2) 

'^{C. lfSlJgA;'3unl(n)f±mi«^«^«lJC|R]ttT^ im LXBm^^itttclsb. 0 2 3 ©cfc -5 ^^mftMiSC ( 
T^^Ct-ti^WK-^n^o ^^Bimo(n)=inatSinate Xti1.t. 

(n)= 0 tm^mt(Dmkif^'^ ^ u yf^zm^^m'^M 

unl(n) = — Tj 'Sgn [o(n)] =— rj • o(n)/ \ o(n) I ••• (63) 

(o^x-^m^n^ctti^h. ^^^vyif^^.^-r^tc ifi^pLx:k(D^^icr^^o 

ib^^mimwL^mxt^i:. tmmxtm (6 3) stc* [0 1 7 s] 

unl(n) = -T} • o(n)/ ( I o(n) I +5) - (6 4) 

fctcu rj -.^mmf-cy. 
(5 oo) :w-mim 



[0 18 1] $/-c. m^mmcDl^^Xi,. ±12 (5 9) 



A;*] u nl( n ) ti. JiaitDliJiiMiJ^ffll/^T-^x. tc i,<DXh 
^rzti\ C(D il 5) i^mmBXt}unKn)lC^itl 

i4*^fe?)o -15. ±iB (6 3) ^^cd;n^f^t^i^tt^±j;^/^ 

ff^^-^^y-ifti^iii^o cntcMLT±iB (6 4) ^iC 

<fcnti')S^143f)'«<fct/^±{c^-\' U ^^yt,tB^v^®T'S 
Co 1 7 9] S/c. (6 4) Sti:J;titi~^M^IEa-C-M 

[0 18 0] <l£0j;9tc. *i|cD^2^Mmi{cJ;n 
«\ 4»C^«x,(n), X2(n)*'i (5 3) SOM^I^iSfc 
TJi^tC. ±12 (5 4 a) . (5 4 b). (5 5 a). 

(5 5 b) (o^^x^sLrc^myjm^(D>'7.7-L.nma 

tD. A;^tT5<JinatE. tiitinmatF ^^UL. 
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(51) Int. CI.' iigiJIE^ FI f--73-F(##) 

G 0 5 B 13/00 G 0 5 B 13/00 A 

F A(##) 3G084 BA09 BA13 DAOO DA04 DA05 
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